Incidents of suspected drowning have been reported for ducks in North America (Wooten, 1954 Fleming, 1912 , Auk 29: 445-448). This is a report of the probable drowning of tundra swans (Cygnus columbianus) on the northern coast of California.
On 7 January 1984, dead swans were reported at the mouth of the Eel River, Humboldt County, California. Aerial observations confirmed the presence of approximately 135 swan carcasses in the sand on the north and south spits of the river mouth. Approximately 750 live swans, in six groups, were seen grazing in nearby agricultural fields. Based on the U.S. Fish and Wildlife Service waterfowl survey of the Eel River delta on 3 January 1984, an estimated 14,200 ducks (composed of 11 species), 975 coots (Fulica americana) and 861 swans were present on the area. However, during the aerial observations of swan mortality over the Eel River and a surrounding 65 km2 area, no dead birds other than the 135 swans were seen on the coast, in the river, or in adjacent fields.
On 10 January, 95 swan carcasses were collected from the north spit beach by staff of the U S . The sex of each swan was determined internally. Swans with gray plumage on the head and neck were identified as immature (under 2 yr old). Swans lacking gray plumage were considered adults.
Heart blood from 67 swans was tested for the presence of Pasteurella multocida.
Brain Heart Infusion agar was inoculated with heart blood from each swan and incubated at 37 C for 48 hr. Suspect colonies were characterized by a Gram stain, and tested for motility, growth on Macconkey agar, production of catalase, cytochrome oxidase, urease, H2S, indole and gelatinase, ability to utilize citrate as the sole source of carbon, and capacity to metabolize glucose and lactose (MacFaddin, 1976 After each carcass was thawed, both lungs were removed, blotted dry and weighed. To estimate the amount of fluid present, 53 individual lungs from 27 swans were drained on a sloping tray and weighed hourly, for 2 hr. Preliminary studies on 10 lungs indicated over 95% of the fluid in the lungs was drained by the end of 2 hr.
The exterior postmortem condition of the swans appeared similar. Sand was embedded in the plumage of all the swans, penetrating completely to the skin on many. Minor to extensive scavenging was observed on 34 (39%) of the 88 swans.
Forty-five (51%) of the 88 swans were males and 37 (42%) were females. We were unable to determine the sex of six swans due to scavenging. Forty-eight (55%) swans were adults; 39 (44%) were immature. The age of one swan was not determined due to scavenging.
The swans appeared to have been in excellent condition at the time of death. Except for a few immature swans, all had large subcutaneous fat deposits over the sternum and near the base of the tail, as well as fat distributed throughout the viscera and around the heart. Pasteurella multocida was not isolated from the heart blood of any of the 67 swans tested, but a variety of other bacteria was observed. The bacteria from eight swans were further characterized; a bacterium tentatively identified as Aeromoms sp. was found in the heart blood of six swans. Gram positive cocci and unidentified Gram negative rods were also observed.
The two swans examined in the Nation- Strychnine and fumarin are two pesticides licensed for use in Humboldt County. Although no tests were conducted specifically for these two chemicals, dyes are required by law to be added when these chemicals are mixed with grains in California. Ingestion of the treated grain by waterfowl normally produces staining of the proventriculus and gizzard: green for strychnine and blue for fumarin. No stain was seen in any of the necropsied swans. Further, with a fast-acting toxin such as strychnine, one would expect to find some of the grain bait still in the birds; no grain was seen in the swans. With a slow-acting toxin such as fumarin, one would have expected a scattering of dead swans, rather than finding all of the carcasses concentrated at one site. Thus, it is unlikely that either of these two toxins was involved.
Gizzard contents consisted largely of sand; 36 (41%) of the 88 gizzards contained Eleochuris seeds. A single lead pellet was found in each gizzard of two of the 88 swans. Unidentified nematodes were found under the gizzard lining of three swans. Blackening of the gizzard lining was found in 19 (22%) of the 88 swans. Sloughing of the gizzard lining was observed in 17 (19%) of the 88 swans. Absence of other tissue changes suggests these were postmortem sequelae.
The only consistent lesions seen in the swans were fluid-filled, reddened lungs. Of the 53 lungs evaluated for fluid content, an average of 16.5 g of fluid was drained from each lung ( Table 1 ). The amount of fluid present may have been influenced by postmortem exudation or immersion in salt water. Some fluid may have been pulmonary edema, either independent of, or associated with, water aspiration. Freezing and thawing may also have contributed to the fluids present. The reddened appearance of the lungs may have been influenced by postmortem imbibition of hemoglobin pigment, as well as the freezing and thawing process. However, these changes also would appear compatible with saltwater drowning.
Sand was noted in the intact tracheas of two unscavenged swans. Fluid was observed in the intact trachea of one unscavenged swan.
In addition to the lungs, hemorrhage was observed in other areas in 26 (30%) of the 88 swans. Five swans had hemorrhage on the gizzard; six on the heart; six at the femoral-pelvic joint; six in the chest cavity dorsal to the lungs and 13 on the liver. Four swans had hemorrhages in more than one area. Recently broken ribs were seen in three swans, but no other broken bones were found.
We found evidence of previous shootings in three swans. One #4 lead pellet was found lying outside the gizzard in one swan; a second swan had one pellet embedded in the pectoralis muscle, a third had one pellet embedded in the ventral portion of peritoneum. These all appeared to be old wounds. Weather and tide conditions at the time of the swan mortality are also a consideration. During the previous week swans had been observed at dusk, swimming and preening near the mouth of the Eel River, where the swans were later found dead. Some of the live swans were seen drifting beyond the mouth of the river into the surf.
Due to recent storms, the river current was fast during this time period. River flow is monitored at Scotia, approximately 25 km upstream from the mouth of the Eel River. Between 1 and 7 January 1984, recorded river flow ranged from 10,300 to 37,300 cubic feet per second (cfs). In contrast, the year-round mean river flow is 7,370 cfs. There was also a large tidal range of -0.2 m to 2.3 m during the first week of January, with the low tides in the evening hours. This combination can create a damming effect on the river at high tide, with fast currents then releasing the water during low tide (Borgeld, pers. comm.) . These currents may have carried the swans into rough surf. Wooten (1954, op. cit.) also reported that the heaviest observed losses from drowning among ducks in Humboldt County occurred near the mouth of the Eel River. He further noted that most losses occurred on the beaches, immediately following low tides.
